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(57) ABSTRACT

A surface acoustic wave device includes a first filter and a
second filter, each of them being a surface acoustic wave
(SAW) filter including an odd number of at least three Inter-
Digital Transducers (IDTs); an unbalanced terminal to which
an unbalanced signal 1s mnput; a first balanced terminal from
which a signal having a same phase as the unbalanced signal
1s output; and a second balanced terminal {from which a signal
having an opposite phase to the unbalanced signal 1s output.
One of electrodes of a first center IDT and one of electrodes
of a second center IDT are commonly connected to the unbal-
anced terminal, the first center IDT and the second center IDT
being one out of the odd number of IDTs and locating at a
center 1n the first filter and the second filter respectively. The
number of electrode fingers of the first center IDT 1s an odd
number, and the number of electrode fingers of the second
center IDT 1s an even number.

7 Claims, 13 Drawing Sheets
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FIG. 3
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FIG. 8

SECOND EMBODIMENT
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FIG. 9

SECOND EMBODIMENT
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1
SURFACE ACOUSTIC WAVE DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based upon and claims the benefit of

priority of the prior Japanese Patent Application No. 2009-
138597, filed on Jun. 9, 2009, the entire contents of which are

incorporated herein by reference.

FIELD

A certain aspect of the embodiments discussed herein 1s
related to a surface acoustic wave device.

BACKGROUND

Inrecent years, as wireless communication devices such as
cell phones are upgraded, a Surface Acoustic Wave (SAW)
device as a component 1s required to have a function of
converting the unbalanced signal to the balanced signal, that
1s, the balun function. The balun function 1s achieved by
connecting two SAW filters 1n parallel between an unbal-
anced terminal and two balanced terminals. An in-band inser-
tion loss 1s reduced by making the number of electrode fingers
of an InterDigital Transducer (IDT) which constructs the
SAW filter different between filters. WO 2006/087875
(Document 1) discloses such SAW device.

In the SAW device disclosed 1n Document 1, both numbers
of electrode fingers of IDT's constructing two SAW filters are
an even number, or an odd number. In this case, a notch may

be generated 1n the pass band, and an 1nsertion loss may be
deteriorated.

SUMMARY

The present invention has been made 1n view of the above
mentioned circumstances and provides a surface acoustic
wave device capable of suppressing an in-band notch and
reducing an insertion loss.

According to an aspect of the present invention, there 1s

provided a surface acoustic wave device including: a first
filter and a second filter, each of them being a surface acoustic
wave (SAW) filter including an odd number of at least three
InterDigital Transducers (IDTs); an unbalanced terminal to
which an unbalanced signal 1s input; a first balanced terminal
from which a signal having a same phase as the unbalanced
signal 1s output; and a second balanced terminal from which
a signal having an opposite phase to the unbalanced signal 1s
output. One of electrodes of a first center IDT and one of
clectrodes of a second center IDT are commonly connected to
the unbalanced terminal, the first center IDT and the second
center IDT being one out of the odd number of IDTs and
located at a center in the first filter and the second filter
respectively; one of electrodes 1n each of two IDT's located on
cither side of the first center IDT 1s commonly connected to
the first balanced terminal; one of electrodes in each of two
IDTs located on either side of the second center IDT 1s com-
monly connected to the second balanced terminal; the num-
ber of electrode fingers of the first center IDT 1s an odd
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number; and the number of electrode fingers of the second
center IDT 1s an even number.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out 1n the claims.

It 1s to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention,
as claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a schematic view of a SAW device 1n accordance
with a first comparative embodiment;

FIG. 2 1s a schematic view of a SAW device 1n accordance
with a first embodiment;

FIG. 3 1s a graph 1llustrating a comparison between trans-
mission characteristics of SAW devices 1n the first embodi-
ment and the first comparative embodiment;

FIG. 4 1s a schematic view of a SAW device 1n accordance
with a second embodiment;

FIG. 5 1s a schematic view of a SAW device 1n accordance
with a second comparative embodiment;

FIG. 6 1s a schematic view of a SAW device 1n accordance
with a third comparative embodiment;

FIG. 7 1s a schematic view of a SAW device 1n accordance
with a fourth comparative embodiment;

FIG. 8 1s a graph 1llustrating a comparison between trans-
mission characteristics of SAW devices 1in the second
embodiment and the second comparative embodiment;

FIG. 9 1s a graph 1llustrating a comparison between trans-
mission characteristics of SAW devices 1n the second
embodiment and the third comparative embodiment;

FIG. 10 1s a graph illustrating a comparison between trans-
mission characteristics of SAW devices 1n the second
embodiment and the fourth comparative embodiment;

FIG. 11 1s a schematic view of a SAW device 1n accordance
with a third embodiment;

FIG. 12 1s a graph 1llustrating transmission characteristics
of the SAW device 1n accordance with the third embodiment;
and

FIG. 13 1s a graph illustrating a comparison between
attenuation characteristics of SAW devices 1n the second
embodiment and the third embodiment.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention are described below
with reference to the accompanying drawings.
|Comparative Embodiment]

A description will be given of a SAW device 1n accordance
with a comparative embodiment of the present invention first.

FIG. 1 1s a top view 1llustrating a composition of a SAW

device 100q 1n accordance with a first comparative embodi-
ment. The SAW device 100q includes an input terminal (an
unbalanced terminal 10), and two output terminals (a first
balanced terminal 12 and a second balanced terminal 14). An
unbalanced signal 1s 1nput to the unbalanced terminal 10. A
signal which has the same phase as the signal iput to the
unbalanced terminal 10 1s output from the first balanced ter-
minal 12. A signal which has the opposite phase to the signal
input to the unbalanced terminal 10 1s output from the second
balanced terminal 14.
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A first filter 20a which1s a SAW filter 1s connected between

the first balanced terminal 12 and the unbalanced terminal 10.
The first filter 20a includes three IDT's arranged 1n the propa-

gation direction of surface acoustic waves, and a pair of
reflectors located on either side of IDT's. Hereinafter, the IDT
locating at the center (a first center IDT) 1s referred to as a first
iput IDT 22a, and other two 1D Ts locating on eirther side of
the first input IDT 224 are referred to as first output IDT's 26.
In each IDT, a pair of comb electrodes facing each other 1s
formed on a piezoelectric substrate so that comb electrodes
engage with each other. One of two comb electrodes func-
tions as an input electrode or an output electrode, and the
other functions as a ground electrode. Reflectors in the first
filter 20a are referred to as first reflectors 30.

In the first input IDT 224, an mput electrode 23a 1s con-
nected to the unbalanced terminal 10, and a ground electrode
24a 1s connected to ground. In two first output IDTs 26,
ground electrodes 27 are connected to ground, and output
clectrodes 28 are commonly connected to the first balanced
terminal 12. To output the signal having the same phase as the
input signal, electrode fingers of ground electrodes 27 are
located to adjoin the electrode finger of the input electrode
23a 1n the first input IDT 22a, or electrode fingers of output
clectrodes 28 are located to adjoin the electrode finger of the

ground electrode 24q 1n the first mput IDT 224, 1n first output
IDTs 26. In the first input IDT 224, the number of electrode

fingers of the input electrode 23a 1s same as that of the ground
clectrode 24a, and the total number of electrode fingers 1n the
IDT 1s an even number.

A second filter 40 which 1s a SAW filter 1s connected

between the second balanced terminal 14 and the unbalanced
terminal 10. The second filter 404 has a same composition as

that of the first filter 20a, and includes three IDTs (a second
input IDT 42a and two second output IDTs 46) and a pair of
reflectors (second retlectors 50). In the second input IDT 424
(a second center IDT), an input electrode 43a 1s connected to
the unbalanced terminal 10, and a ground electrode 44a 1s
connected to ground. In two second output IDTs 46, ground
clectrodes 47 are connected to ground, and output electrodes
48 are commonly connected to the second balanced terminal
14. To output the signal having the opposite phase to the input
signal, electrode fingers of ground electrodes 47 are located to
adjoin the electrode finger of the ground electrode 444 1n the
second mput IDT 42a, or electrode fingers of output elec-
trodes 48 are located to adjoin the electrode finger of the input
clectrode 43a 1n the second 1nput IDT 424, 1n second output
IDTs 46. In the second input IDT 42a, the number of elec-
trode fingers of the input electrode 43a 1s same as that of the
ground electrode 44a, and the total number of electrode fin-
gers 1n the IDT 1s an even number.

The SAW device 100a functions as a DMS (Double Mode
SAW) filter with a function of converting the unbalanced
signal to the balanced signal by including the first filter 20qa
and the second filter 40a that are connected to the input
terminal 1n parallel. Furthermore, 1t 1s possible to reduce an
isertion loss 1n the pass band by arranging the number of
clectrode fingers of the first nput IDT 22a to be different from
that of the second mput IDT 42a.

However, 1in the SAW device 100a 1n accordance with the
first comparative embodiment, both numbers of electrode
fingers of the first mput IDT 22a and the second mput IDT
42a are an even number. In such composition, there 1s a
possibility that a notch 1s generated 1n the pass band, and an
insertion loss 1s deteriorated. There 1s a same possibility when
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4

both numbers of electrode fingers of the first input IDT 22a
and the second mput IDT 42a are an odd number.

In following embodiments, descriptions will be given of
SAW devices capable of solving the above problem and
reducing an insertion loss.
|[First Embodiment]

FIG. 2 1s a top view 1illustrating a composition of a SAW
device 100A 1n accordance with a first embodiment. The
basic composition of the SAW device 100A 1s same as that of
the SAW device 100q 1n accordance with the first compara-
tive embodiment. Thus, same reference numerals are
assigned to common components, and descriptions are omit-
ted.

The compositionof afirstinput IDT 22A 1n a first filter 20A
of the SAW device 100 A 1n accordance with the first embodi-
ment differs from the first input IDT 22q 1n the first filter 20a
of the first comparative embodiment. More specifically, the
number of electrode fingers of an mput electrode 23A 1s
greater than the number of electrode fingers of a ground
clectrode 24 A, and the total number of electrode fingers in the
IDT 1s an odd number. In a second input IDT 42A, the number
of electrode fingers of an 1nput electrode 43 A 1s same as that
of a ground electrode 44 A, and the total number of electrode
fingers 1n the IDT 1s an even number as with the first com-
parative embodiment. That 1s to say that the number of elec-
trode fingers of the input IDT 1n the SAW filter which 1s
connected to the terminal outputting the signal having the
same phase as the mput signal 1s an odd number, and the
number of electrode fingers of the input IDT 1n the SAW filter
which 1s connected to the terminal outputting the signal hav-
ing the opposite phase to the input signal 1s an even number,
in this embodiment.

A comparison between transmission characteristics of
SAW devices 1n accordance with the first embodiment and the
first comparative embodiment will now be described on the
basis of the simulation. In this stmulation, the composition of
the piezoelectric substrate and that of the electrode are same
in the first embodiment and the first comparative embodi-
ment. Details of parameters are shown in Table 1 as follows.

TABLE 1
PIEZOELECTRIC 42°Y-X LiTaOs;
SUBSTRATE
ELECTRODE Al (FILM THICKNESS 170 nm)
IDT PITCH 1.96 pm~2.19 um
(FILTER)
REFLECTOR PITCH 2.26 um
(FILTER)
NUMBER OF REFLECTORS 50
(FILTER)

The numbers of electrode fingers of input IDTs (22 and 42)
and output IDTs (26 and 46) in filters (20 and 40), and aper-
tures of two filters are as follows. Two electrode fingers facing,
cach other are counted as a pair when counting the number of
clectrode fingers. When the number of pairs 1s an integer, the
number of electrode fingers 1s an even number. When the
number of pairs 1s the number with decimals, the number of
clectrode fingers 1s an odd number. Parameters in second and
third embodiments and second through fourth comparative
embodiments are shown 1n Table 2, but these are described
later. Hereinafter, 1n a comparison between transmission
characteristics of SAW devices, parameters of the first
embodiment and the first comparative embodiment are based
on a simulation, and other parameters (parameters of second
and third embodiments and second through fourth compara-
tive embodiments) are based on measured values.
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TABL.

(Ll
o

FIRST AND THIRD AND
SECOND FOURTH

COMPARATIVE COMPARAITIVE FIRST

EMBODIMENTS EMBODIMENTS EMBODIMENT EMBODIMENT EMBODIMENT

FIRST 27 PAIRS 27.5 PAIRS 4.5 PAIRS
INPUT IDT

FIRST 11.5 PAIRS 11.5 PAIRS 11.5 PAIRS
OUTPUT IDT

SECOND 27 PAIRS 27.5 PAIRS 21 PAIRS
INPUT IDT

SECOND 11.5 PAIRS 11.5 PAIRS 12.5 PAIRS
OUTPUT IDT

APERTURE 100 um 100 pm R3 um

FIG. 3 1s a graph illustrating a comparison between both
transmission characteristics. The horizontal axis indicates a
frequency, and the vertical axis indicates attenuation. At the
point 1indicated by the arrow in the graph, a notch 1s sup-
pressed 1n the first embodiment compared to the first com-
parative embodiment. As described above, according to the
SAW device 100A of the first embodiment, 1t 1s possible to
suppress an mn-band notch and reduce an insertion loss.
|Second Embodiment]

A second embodiment 1s an example of a SAW device
where resonators are combined to filters.

FI1G. 4 15 a top view of a SAW device 100B 1n accordance
with the second embodiment. Same reference numerals are
assigned to common components with the first embodiment,
and detail descriptions are omitted. A {first resonator 70 1s

connected between the unbalanced terminal 10 and a first
filter 20B and between the unbalanced terminal 10 and a

second filter 40B. The first resonator 70 includes a pair of
IDTs 72, and reflectors 74 located on either side of IDTs 72.
In the same manner, a second resonator 80 including IDTs 82

and reflectors 84 1s connected between the first balanced
terminal 12 and the first filter 20B. A third resonator 90
including IDT's 92 and reflectors 94 1s connected between the
second balanced terminal 14 and the second filter 40B. It 1s
possible to reduce an out-oi-band noise (increase an attenu-
ation) by combining resonators to filters.

Compositions of the first filter 20B and the second filter
40B 1n the second embodiment are same as those of the first
embodiment (FIG. 2). Thus, the number of electrode fingers
of an input electrode 23B 1s greater than the number of elec-
trode fingers of a ground electrode 24B, and the total number

of electrode fingers 1 the IDT 1s an odd number 1n a first input
IDT 22B. In a second mnput IDT 42B, the number of electrode
fingers of an mput electrode 43B 1s same as that of a ground

clectrode 44B, and the total number of electrode fingers 1n the
IDT is an even number.

A description will now be given of compositions of SAW
devices 1n accordance with comparative embodiments (sec-
ond through fourth comparative embodiments) to the second

embodiment. In following comparative embodiments, com-

positions of mput IDTs (a first mnput IDT 22 and a second
input IDT 42) 1n two filters (a first filter 20 and a second filter

40) are different from those of the second embodiment, but

other basic compositions are common with those of the sec-
ond embodiment.

SECOND THIRD
24.5 PAIRS 22.5 PAIRS
11.5 PAIRS 11.5 PAIRS
21 PAIRS 23 PAIRS
12.5 PAIRS 11.5 PAIRS
83 um 83 um
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FIG. 5 1s a top view of a SAW device 10056 1n accordance
with a second comparative embodiment. The number of elec-
trode fingers of an mput electrode 235 1s same as that of a
ground electrode 245 1n a first input IDT 225, the number of
clectrode fingers of an mput electrode 435 1s same as that of
a ground electrode 445 1n a second mput IDT 425, and the
total number of electrode fingers in each IDT 1s an even
number.

FIG. 6 15 a top view of a SAW device 100c¢ 1n accordance
with a third comparative embodiment. The number of elec-
trode fingers of a ground electrode 24¢ 1s same as that of an
input electrode 23¢ 1n a first input IDT 22¢, the number of
clectrode fingers of a ground electrode 44c¢ 1s same as that of
an iput electrode 43¢ 1n a second input IDT 42¢, and the total
number of electrode fingers in each IDT 1s an odd number.

FIG. 7 1s a top view of a SAW device 1004 1n accordance
with a fourth comparative embodiment. In both a first input
IDT 22d and a second mput IDT 42d, the total number of
clectrode fingers 1n the IDT 1s an odd number as same with the
third comparative embodiment. However, the number of elec-
trode fingers of an input electrode 234 1s greater than that of
a ground electrode 24, and the number of electrode fingers of

an mput electrode 43d 1s greater than that of a ground elec-
trode 44d.

A description will now be given of a comparison among
transmission characteristics of SAW devices 1n accordance
with the second embodiment and second through fourth com-
parative embodiments on the basis of measured values. Basic

parameters such as materials of the piezoelectric substrate
and the electrode are same as those shown 1n Table 1. The
numbers of electrode fingers of the input IDT and the output
IDT 1 each filter, and an aperture between two filters are as
shown 1n Table 2. Each parameter of the second embodiment

1s same as that of the first embodiment. Each parameter of the
second comparative embodiment 1s same as that of the first
comparative embodiment. Most parameters of third and
fourth comparative embodiments are same as those of {first
and second comparative embodiments, but differ from the
first comparative embodiment in that the numbers of elec-
trode fingers of input IDT's 22 and 42 are 27.5 pairs.

The number of IDT pairs, the IDT pitch, the number of
reflectors, the reflector pitch, and the aperture of the resonator

in the first resonator 70, the second resonator 80, and the third
resonator are as follows in the second embodiment.
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TABLE 3
FIRST SECOND THIRD

RESONATOR  RESONATOR  RESONATOR
NUMBER OF IDT PAIRS 200 PAIRS 102.5 PAIRS 00 PAIRS
(SECOND EMBODIMENT)
IDT PITCH 2.13 um 2.13 pm 2.12 um
(SECOND EMBODIMENT)
NUMBER OF REFLECTORS 10 10 10
(SECOND EMBODIMENT)
REFLECTOR PITCH 2.13 um 2.13 pm 2.12 um
(SECOND EMBODIMENT)
APERTURE 70 um 75 um 64 um
(SECOND EMBODIMENT)

In the same manner, parameters of resonators of second

device 100C 1s same as that of the SAW device 100B 1n

through fourth comparative embodiments are shown as fol- 29 accordance with the second embodiment. Thus, same refer-

lows. ence numerals are assigned to common components
TABLE 4
FIRST SECOND THIRD

RESONATOR RESONATOR RESONATOR
NUMBER OF IDT PAIRS 200 PAIRS 100 PAIRS 100 PAIRS
(SECOND THROUGH FOURTH
COMPARATIVE EMBODIMENTS)
IDT PITCH 2.13 um 2.12 um 2.12 um
(SECOND THROUGH FOURTH
COMPARATIVE EMBODIMENTS)
NUMBER OF REFLECTORS 10 15 15
(SECOND THROUGH FOURTH
COMPARATIVE EMBODIMENTS)
REFLECTOR PITCH 2.13 um 2.12 pm 2.12 um
(SECOND THROUGH FOURTH
COMPARATIVE EMBODIMENTS)
APERTURE 70 um 74 um 74 pm

(SECOND THROUGH FOURTH
COMPARATIVE EMBODIMENTS)

FIGS. 8 through 10 are graphs illustrating comparisons
among transmission characteristics of SAW devices 1n the
second embodiment and second through fourth comparative

embodiments. FIG. 8 shows a comparison between the sec-

ond embodiment and the second comparative embodiment,
FIG. 9 shows a comparison between the second embodiment
and the third comparative embodiment, and FIG. 10 shows a
comparison between the second embodiment and the fourth
comparative embodiment. As shown 1n each graph, a notch 1s
suppressed 1n the second embodiment compared to second
through fourth comparative embodiments. As described
above, according to the SAW device 100B of the second
embodiment, 1t 1s possible to suppress an in-band notch, and
reduce an insertion loss.
[ Third Embodiment]

A third embodiment 1s an example of a SAW device where
resonators are combined to filters as same with the second
embodiment.

FI1G. 11 1s a top view of a SAW device 100C 1n accordance
with the third embodiment. A basic composition of the SAW

45
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with the second embodiment, and detail descriptions are

omitted.
The composition of a first input IDT 22C 1n a first filter 20C

of the SAW device 100C differs from the first input IDT 22B
in the first filter 20B of the second embodiment. More spe-

cifically, the total number of electrode fingers 1n the first input
IDT 22C 1s an odd number as same with the second embodi-
ment, but the number of electrode fingers of the ground elec-
trode 24 1s greater than that of an input electrode 23C. Other
compositions (compositions of first output IDT's 26, a second
filter 40C, the first resonator 70, the second resonator 80, and
the third resonator 90) are same as those of the second
embodiment.

-

I'ransmission characteristics of the SAW device 100C will

be described on the basis of measured values. Basic param-
eters such as materials of the piezoelectric substrate and the
electrode are same as those shown 1n Table 1. Parameters of
the first filter 20C and the second filter 40C are as shown 1n
Table 2 1n the third embodiment. Parameters of resonators are
shown as follows.
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TABLE 5
FIRST SECOND THIRD

RESONATOR  RESONATOR  RESONATOR
NUMBER OF IDT PAIRS 200 PAIRS 112 PAIRS 00 PAIRS
(THIRD EMBODIMENT)
IDT PITCH 2.13 um 2.13 pm 2.12 um
(THIRD EMBODIMENT)
NUMBER OF REFLECTORS 10 10 10
(THIRD EMBODIMENT)
REFLECTOR PITCH 2.13 um 2.13 pm 2.12 um
(THIRD EMBODIMENT)
APERTURE 70 um 75 um 68 um
(THIRD EMBODIMENT)

15

FIG. 12 1s a graph illustrating transmission characteristics
of the SAW device 100C. According to the SAW device 100C

in accordance with the third embodiment, 1t 1s possible to
suppress an in-band notch, and reduce an insertion loss, as
same with the second embodiment.

FI1G. 13 1s a graph indicating comparisons of pass charac-
teristics and attenuation characteristics between SAW
devices 1n the second embodiment and the third embodiment.

As 1illustrated, there 1s little difference between the second
embodiment and the third embodiment in pass characteris-
tics. However, the second embodiment 1s superior to the third
embodiment 1n attenuation characteristics. Therefore, when
the number of electrode fingers of the first input IDT 22 1n the
first filter 20 1s an odd number, 1t 1s preferable to make the
number of electrode fingers of an input electrode 23 con-
nected to the unbalanced terminal 10 greater than the number
of electrode fingers of the other one (the ground electrode 24).

In first through third embodiments, 1t 1s preferable to make
at least one of the number of electrode fingers, the aperture
length, and the electrode pitch of first output IDT's 26 locating
on either side of the first input IDT 22 different from that of
second output IDTs 46 locating on either side of the second
input IDT 42. The balance seems good when the first filter 20
and the second filter 40 have symmetric compositions, but 1t
1s possible to reduce an 1nsertion loss by designing parts other
than mput IDTs (22 and 42) to be asymmetric 1n fact.

In second and third embodiments, it 1s preferable to make
at least one of the number of electrode fingers, the aperture
length, and the electrode pitch of the IDT included 1n the
second resonator 80 different from that of the IDT included 1n
the third resonator 90. It 1s possible to reduce an 1nsertion loss
more by designing two resonators connected to the balanced
terminal side of two filters 20 and 40 to be asymmetric.

The first filter 20, each of the second filter 40, the first
resonator 70, the second resonator 80, and the third resonator
90 may be formed on different substrates, but it 1s preferable
to be formed on the same piezoelectric substrate. In first
through third embodiments, L1TaO; 1s used as the piezoelec-
tric substrate, but a substrate composed of other materials
(e.g. LINbO;) may be used. Al electrodes are used as elec-
trodes, but electrodes composed of other materials (e.g. Cu)
may be used. In first through third embodiments, descriptions
are given by using a DMS filter as an example. However, 1t 1s
possible to apply the present mnvention to other multimode
filters. In first through third embodiments, each number of
IDTs included 1n the first filter 20 and the second filter 40 1s
three, but other numbers that are an odd number and more
than three are possible.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader 1n under-
standing the mvention and the concepts contributed by the
inventor to furthering the art, and are to be construed as being
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without limitation to such specifically recited examples and
conditions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the mvention. Although the embodiments of the
present invention have been described 1n detail, i1t should be
understood that the various change, substitutions, and alter-

ations could be made hereto without departing from the spirit
and scope of the invention.

What 1s claimed 1s:

1. A surface acoustic wave device comprising:

a first filter and a second filter, each of them being a surface
acoustic wave (SAW) filter including an odd number of
at least three InterDigital Transducers (IDTs) respec-
tively;

an unbalanced terminal to which an unbalanced signal 1s
nput;

a first balanced terminal from which a signal having a same
phase as the unbalanced signal 1s output; and

a second balanced terminal from which a signal having an
opposite phase to the unbalanced signal 1s output,

wherein one of electrodes of a first center IDT and one of
clectrodes of a second center IDT are commonly con-
nected to the unbalanced terminal, the first center IDT
and the second center IDT being one out of the odd
number of IDTs and located at a center 1n the first filter
and the second filter respectively;

one of electrodes 1n each of two IDTs located on either side
of the first center IDT 1s commonly connected to the first
balanced terminal;

one of electrodes in each of two IDTs located on either side
of the second center IDT 1s commonly connected to the
second balanced terminal;

the number of electrode fingers of the first center IDT 1s an
odd number; and

the number of electrode fingers of the second center IDT 1s
an even number,

wherein the two IDTs located on either side of the first
center IDT are separated from the first center IDT, and
the two IDT's located on etther side of the second center
IDT are separated from the second center 1DT,

wherein the number of electrode fingers of an electrode,
which 1s one of electrodes constructing the first center
IDT and 1s connected to the unbalanced terminal, 1s
greater than the number of electrode fingers of another
clectrode constituting the first center I1DT.

2. The surface acoustic wave device according to claim 1,
wherein the first filter and the second filter are a multimode
f1lter.

3. The surface acoustic wave device according to claim 1,
wherein at least one of the number of electrode fingers, an
aperture length, and an electrode pitch 1s different from each
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other between two IDTs located on either side of the first
center IDT and two IDTs located on either side of the second
center 1DT.

4. The surface acoustic wave device according to claim 1,
wherein the first filter and the second filter 1s formed on a
same piezoelectric substrate.

5. The surface acoustic wave device according to claim 1,
turther comprising:

a first resonator connected between the unbalanced termi-
nal and the first filter, and between the unbalanced ter-
minal and the second filter;

a second resonator connected between the first balanced
terminal and the first filter; and

a third resonator connected between the second balanced
terminal and the second filter.

6. The surface acoustic wave device according to claim 5,
wherein each of the first resonator, the second resonator, and
the third resonator includes an IDT, and reflectors located on
either side of the IDT.

7. The surface acoustic wave device according to claim 6,
wherein at least one of the number of electrode fingers, an
aperture length, and an electrode pitch of the IDT included 1n
the second resonator 1s different from that of the third reso-
nator.
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